fibula flap and one 'double barrel' fibula flap), one free rectus abdominis flap, 2 free mini-transverse rectus abdominis flaps, and one pedicled rectus abdominis flap. Five patients did not have local recurrence and systemic metastases. Conclusion. Tissue transfer allows early adjuvant therapy facilitating the multimodal approach for the high-grade soft-tissue sarcomas of the lower extremity.
INTRODUCTION
Soft-tissue sarcomas are primary mesenchymal tumours of anatomic sites excluding the bone, parenchymatous organs or hollow viscera, blood, and the reticuloendothelial system. Soft-tissue sarcomas remain a relatively uncommon neoplasm representing about 1% of all malignant neoplasm in adults. The lower extremity is the site most commonly affected (40%), with one in 4 of this type of neoplasm occurring below the knee. 1 These neoplasms often attain considerable size before being detected. Therefore, their management presents major challenges to both the patients and the surgeons. With the recent advances in multimodality treatments, the aims are to eradicate the local disease, to control the metastases, and to retain limb function. 2 This approach allows acceptable physical function and psychosocial benefits without any compromise to the survival.
The limb salvage surgery begins with preoperative assessment of the tumour using biopsy and radiography. After the assessment, the tumour is removed by a wide or radical surgical excision. This method has been the mainstay of the treatment for soft-tissue sarcomas of the lower limb. This surgery often results in large soft-tissue defects requiring either immediate or delayed soft-tissue coverage. Reconstruction of these composite defects of the lower extremities often depends on the anatomical sites and the patients' general condition. Local flaps are often technically possible in the proximal and middle lower extremity, but free flaps are the best choice in the distal third of the leg. 3 Both flaps allow the patient to undergo early uninterrupted adjuvant radiotherapy, chemotherapy, and rehabilitation.
MATERIALS AND METHODS
A retrospective study was performed on patients with high-grade soft-tissue sarcomas of the lower extremities, who underwent limb salvage surgery from August 1997 to September 2003 at the Hospital Universiti Sains Malaysia. All patients were assessed preoperatively by routine radiography, angiogram, computed tomographic (CT) scan, and magnetic resonance imaging (MRI). Preoperative biopsies were taken from all of these patients. The Enneking staging system for soft-tissue sarcomas was used to determine the extent of the tumour growth. 4 The tumour locations, sizes, soft-tissue defects, reconstructive techniques, hospital stay, adjuvant therapies, and their outcomes were reviewed.
RESULTS
At presentation, 8 patients (6 women and 2 men) had a mean age of 46.1 years (range, 19-65 years). The most c o m m o n t u m o u r s w e re m a l i g n a n t f i b ro u s histiocytomas (n=4, all at stage IIB), followed by malignant peripheral nerve sheath tumour (n=1, stage IIB), synovial sarcoma (n=1, stage IIB), recurrent liposarcoma (n=1, stage III), and epitheloid sarcoma (n=1, stage IIB).
The most common sites of occurrence of these tumours were the thighs (n=3), followed by the gluteal region (n=1), knees (n=1), popliteal fossa (n=1), middle third of the leg (n=1), and ankle (n=1). The size of the tumours ranged from 132 cm 2 , with a mean of 448.6 cm 2 . The tissue flaps used were 3 free latissimus dorsi myocutaneous flaps, 2 free vascularised osteoseptocutaneous fibula flaps (one vascularised fibula and one 'double barrel' fibula flap), one free rectus abdominis myocutaneous flap, 2 free minitransverse rectus abdominis myocutaneous flaps, and one pedicle rectus abdominis flap (Table) . Seven patients did not have any notable donor site morbidity. Recipient site morbidities occurred in 2 cases caused by an overt infection in the free fibula flap and by a zone IV necrosis of the free mini-transverse rectus abdominis myocutaneous flap. The mean duration of hospital stay for all the patients was 56.9 days (range, 25-90 days).
One patient received neoadjuvant radiotherapy for recurrent liposarcoma. Seven patients were started on early postoperative adjuvant radiotherapy, 5 of them received external beam radiotherapy, and 2 received postoperative brachytherapy. In addition, 4 patients received chemotherapy. One patient died one week after surgery from a myocardial infarction. Another patient succumbed to advanced pulmonary metastases at 5 months postoperatively.
The mean follow-up period was 7.1 months (range, 1.0-12.1 months). One patient had multiple pulmonary metastases and underwent chemotherapy. All the surviving patients underwent early postoperative rehabilitation and retained functioning lower limbs.
The management of soft-tissue sarcomas at the ankle region has been a great challenge for surgeons to obtain adequate tumour clearance without compromising the ankle function. Therefore, we report a patient from our series who underwent a resection of synovial sarcoma of the ankle and reconstruction using a free vascularised fibula osteoseptocutaneous flap.
A 50-year-old woman (patient 4) presented with a non-painful progressive swelling of the left ankle with restriction on the ankle joint movement, which she had for more than 2 years. The diagnosis of soft-tissue sarcoma was made by the district hospital surgeons. Below-knee amputation was suggested, but she refused. She sought a second opinion and was referred to our institution for limb salvage surgery.
Examination revealed a large irregular hard mass on the left ankle, which was non-mobile and nontender, measuring about 15x15 cm. The left ankle joint movement was restricted and showed evidence of foot drop (Fig. 1 ). The regional lymph nodes were not palpable. An open biopsy confirmed the diagnosis of synovial sarcoma (stage IIB). The patient underwent wide excision of the tumour, reconstruction of the distal end of tibia using a free vascularised osteoseptocutaneous fibula flap, and left ankle arthodesis (Fig. 2) . Postoperatively, the patient had early adjuvant radiotherapy and chemotherapy. There was no notable donor or recipient site morbidity ( Fig. 3) . At the 4-month follow-up, the patient was ambulating well with a sensate foot. The patient was free of local recurring and systemic metastases.
DISCUSSION
Management of extremity soft-tissue sarcomas has been controversial. Previously, the prognosis for patients with soft-tissue sarcomas was poor, with high incidence of local recurrence and systemic metastases. High incidence of local recurrence (20%-50%) after excision has been reported in cases of amputation surgery. 5, 6 The survival rate was poor with more than 50% of the patients dying of the disease. 7, 8 The current trend in the management of highgrade soft-tissue sarcomas of the lower extremity is to use a multimodality treatment approach. The aim is to eradicate local disease, control metastases, and salvage the limb without compromising the patients' survival. Amputation offers no survival advantage over wide excision and adjuvant therapy, particularly when the sarcomas have histopathological features of high-grade malignancy. 9 Such tumours are frequently associated with the presence of occult metastases which may manifest at a later date. Hence, limb salvage † has become the standard of care and can now be accomplished in 95% of cases. 9 However, there is always a premium to pay for limb salvage surgery, and the fear is the incomplete tumour clearance at the tumour margin. Recent advances include preoperative assessment using highly sensitive and specific imaging modalities, such as MRI and CT scan, better histopathological analysis to study the tumour behaviour, as well as adjuvant radiotherapy and chemotherapy. All these methods have contributed to the low incidence of local recurrence and systemic metastases.
On the other hand, the management of these high-grade sarcomas often presents many challenges in terms of soft-tissue coverage for the large composite defects following oncological resection. The use of tissue transfer for soft-tissue coverage has influenced the outcome of the management of these tumours, because the method allows adequate resection of tumour, and there is less tumour recurrence with good reconstructive recovery. Selection of the flap donor site depends primarily on the extent and location of the defect, and the types of tissue needed for reconstruction. Clinically, it has been shown that the use of local flaps are feasible when the defect is in the middle and proximal lower limb, but free flaps are the best choice for defects in the distal third of the leg.
Defects of a large surface area, which require only soft-tissue replacement, generally can be covered with a latissimus dorsi flap. In our series, this flap was used for the majority of the thigh and knee soft-tissue defects. The latissimus dorsi is a reliable and versatile large muscle that is particularly useful in providing well-vascularised coverage for neurovascular structures, bone devoid of periosteum, allografts, or prosthesis. 10 The flap is consistently large and the long vascular pedicle allows easy anastomosis to the recipient vessels. The size of the flap can vary greatly to cover much larger defects. Furthermore, transfer of the latissimus dorsi results in minimal functional or aesthetic problems at the donor site.
11
In this series, 4 rectus abdominis flaps were used to reconstruct the lower limb, of them one pedicle and one free rectus abdominis myocutaneous were used to cover the defects in the thighs. Reconstruction of a huge soft-tissue defect in the thigh requires a flap that can obliterate the dead space with muscle bulk, and provide contour to the thigh. This rectus abdominis flap has a long, narrow, and flat muscle that allows excellent contour of the soft-tissue defects, eliminates the dead space, and can be easily raised. The rectus abdominis flap's long vascular pedicle, with a wide lumen, offers similar advantages to the latissimus dorsi flap. 12, 13 Alternatively, when presented with a huge contour defect that requires minimal filling of the muscular space, reconstruction using free mini-transverse rectus abdominis myocutaneous can be used. This modification involves removing only a small cuff of the rectus abdominis muscle together with a flap. Hence, this will reduce considerably the donor site morbidity.
14 In our series, 2 free mini-transverse rectus abdominis myocutaneous flaps were used to reconstruct the defects at the popliteal fossa in one case and the middle third of the leg in the other. We found this flap an excellent way to restore huge defects in the lower limb, especially in patients with previous deliveries, where a large flap from the abdominal region can be harvested without leaving considerable morbidity.
A free vascularised fibula flap is probably the most suitable option for the repair of a large defect in a long bone following tumour ablation, because of the flap's length, geometrical shape, and mechanical strength. 15 If the composite defect of the bone and soft tissue were encountered, the free fibula flap could be harvested as an osteoseptocutaneous flap. In situations following tumour extirpation where the dead space is to be obliterated, the free vascularised osteoseptocutaneous fibula flap is incorporated together with another flap, such as the myocutaneous flap. In this study, the free vascularised osteoseptocutaneous fibula flaps were used in 2 cases. In one of these cases, a large composite defect in the proximal femur was encountered following the extirpation of malignant peripheral nerve sheath tumour. The fibula flap was osteotomised and inserted as a 'double-barrel' fibula flap to provide the maximum strength to the deficient femur. This technique provides twice the cross-sectional area of a single fibula transfer, thus allows improved biomechanical strength in the flap. 16 This flap was combined with a free rectus abdominis flap to obliterate the dead space and cover the large residual composite soft-tissue defect.
In the patient with synovial sarcoma of the distal end of tibia, the free vascularised osteoseptocutaneous fibula flap was used to reconstruct the huge composite defect following the wide excision of the tumour. The ankle arthodesis was performed simultaneously to provide union and stability to the ankle joint.
Unfortunately, one patient in our series suffered overt infection of the lower limb and underwent aboveknee amputation 16 days postoperatively. Surgeons should offer available options of surgery after weighing up the risks. The choice of surgical procedure, in this case, was decided by the patient and family. The patient preferred the limb salvage surgery because it had far-reaching psychological and physical benefits, positively affecting the patient's quality of life.
The importance of adjuvant radiotherapy in the management of high-grade soft-tissue sarcomas should not be overlooked. The local management of large sarcomas may be enhanced by preoperative external radiotherapy. The recurrence rate of sarcomas after limb salvage surgery and treatment with postoperative external beam radiotherapy is less than 15%. 17 Moreover, brachytherapy can be used to deliver higher doses of radiation and is safer than external beam techniques because this method spares much of the surrounding soft tissue. The local recurrence rate of 6% at 50 months has been reported when limb salvage surgery was used in conjunction with adjuvant brachytherapy for the treatment of high-grade resectable tumours. 18 In our series, 4 patients also received postoperative adjuvant chemotherapy because of the high histological grading of the tumours, which have propensity to metastasise. The role of chemotherapy is less clear, although it appears to be of some benefit for high-grade tumours. 19 Free tissue transfer allows initiation of early uninterrupted postoperative external beam radiotherapy and/or brachytherapy and chemotherapy.
These combined treatments facilitate early rehabilitation following limb salvage surgery, which is essential to restore the functional integrity of the lower limb, and thus improve the patients' quality of life. In our study, all the surviving patients retained functioning lower limbs. However, this aspect was not adequately assessed, because the long-term results are not available. Our observations have shown that limb amputation does not offer better psychological and physical benefits than limb salvage surgery in those patients with limited life span.
In conclusion, limb salvage surgery is an effective option for managing high-grade soft-tissue sarcomas of the lower limbs, which has beneficial treatment outcomes.
